We investigate spectroscopically measured Lyα equivalent widths and escape fractions of 244 sources of which 95 are Lyman Break Galaxies (LBGs) and 106 Lyman Alpha Emitters (LAEs) at z ∼ 4.2, z ∼ 4.8, and z ∼ 5.6 selected from intermediate and narrow-band observations. The sources were selected from the Cosmic Evolution Survey (COSMOS), and observed with the DEIMOS spectrograph. We find that the distribution of equivalent widths shows no evolution with redshift for both the LBG selected sources and the intermediate/narrowband LAEs. We also find that the Lyα escape fraction of intermediate/narrow band LAEs is on average higher and has a larger variation than the escape fraction of LBG selected sources. The escape fraction does not show a dependence with redshift. Similar to what has been found for LAEs at low redshifts, the sources with the highest extinctions show the lowest escape fractions. The range of escape fractions increases with decreasing extinction. This is evidence that the dust extinction is the most important factor affecting the escape of Lyα photons, but at low extinctions other factors such as HI covering fraction and gas kinematics can be just as effective at inhibiting the escape of Lyα photons.
Introduction
The study of the high redshift universe and the early evolution of galaxies has primarily relied on two techniques to obtain large samples of high redshift galaxies, the Lyman-break technique (LBGs; Steidel et al. 1999 , Ouchi et al. 2004 Bouwens & Illingworth 2006 , and references therein) and narrow band surveys targeting Lyα emitting galaxies (LAEs; Hu & McMahon 1996; Rhoads & Malhotra 2001; Ajiki et al. 2003; Hu et al. 2004; Taniguchi et al. 2005; Murayama et al. 2007 , Gronwal et al. 2007 , Ouchi et al. 2008 Hu et al. 2010 , and references therein). Studying the difference in the nature and properties of the two populations, selected by these two techniques, helps to understand early stages of galaxy formation and provides constraints on reionization. However, the two populations of galaxies are found to have a degree of overlap, with a fraction of the LBGs having Lyα emission (Shapley et al. 2003; Kornei et al. 2010; Stark et al. 2010) . The varying degree of overlap between the two techniques and how it changes with redshift is still an open question. Several authors have explored this by comparing spectral energy distributions (SED) properties of these two populations (Gawiser et al. 2007; Gronwall et al. 2007) . Even less understood is the degree of overlap in the Lyα properties of the populations selected by these two techniques. Kornei et al. (2010) recently studied the Lyα properties of z ∼ 3 LBGs and found that LBGs with strong Lyα emission are older, have lower SFR, and are less dusty than objects with either weak Lyα emission, or the line in absorption. They concluded that, within the LBG sample, objects with strong Lyα emission represent a later stage of galaxy evolution in which supernovae-induced outows have reduced the dust covering fraction. In contrast, analysis of LAEs at z ∼ 3.1, 3.7, and 5.7 by Ouchi et al. (2008) have revealed that LAEs have lower extinction and/or younger ages than LBGs.
Due to the complex physics of Lyα radiative transfer process in galaxies, modeling Lyα emission, absorption, and escape has been investigated by numerous authors. Neufeld (1991) and Charlot & Fall (1993) modeled the Lyα radiative transfer and investigated the role of a clumpy, dusty, multiphase ISM on Lyα escape. Hansen & Oh (2006) has expanded on these past attempts by considering the effects of several different geometrical distributions of dust clouds, while Dijkstra et al. (2006) and Verhamme et al. (2006) have incorporated the effect of in-falling or outgoing spherical halos of neutral gas on Lyα escape and its profile. In particular, the monte-carlo radiative transfer models by Verhamme et al. (2008) taking into account dust, ISM kinematics, HI column densities, and gas temperature, have been able to reproduce the Lyα profiles of 11 LAEs found in Tapken et al. (2007) .
importance of each of these factors is not clearly established and could possibly vary from object to object (Schaerer 2007) . One method to ascertain the principle physical factors that affect the Lyα radiative transfer in galaxies, is to measure the Lyα escape fraction (f esc ), defined as the ratio of the observed Lyα flux to what is expected from the star formation rate (SFR) of the galaxy. In recent years the study of the escape fraction of Lyα photons in star forming galaxies at redshifts ranging from z ∼ 0.1 − 6 has been studied by several authors (Scarlata et al. 2009; Finklestein et al. 2009; Atek et al. 2009; Hayes et al. 2010; Ono et al. 2010a; Ono et al. 2010b) . Each study has found a strong trend of decreasing escape fraction with increasing extinction, though any change in the mean escape fraction of Lyα sources with redshift is uncertain given the difference in the methods of selecting samples of Lyα sources at z ∼ 0.1, z ∼ 2, and z > 3.
In order to examine the varying degree of overlap between the Lyα properties of these two populations (LBGs and narrow band selected LAEs) and its redshift dependence, deep spectroscopic observations are required to measure the fraction of LBGs with Lyα emission. Spectroscopic follow-up for these high redshift sources has only recently been made possible due to the technical difficulties in the spectroscopy of faint, m I > 22, high redshift sources. Ouchi et al. 2008 obtained Subaru/FOCAS and VLT/VIMOS spectroscopy of 84 out of 858 narrow band LAE candidates at z = 3.1, 3.7, and 5.7. The Lyα luminosity function of these sources increases with redshift, indicating that galaxies with Lyα emission are more common at higher redshifts. Hu et al. (2010) presented an atlas of 88 z ∼ 5.7 and 30 z ∼ 6.5 spectroscopically confirmed LAEs. Ouchi et al. 2010 presented spectra of LAEs at z ∼ 6.6 examining the Lyα line profiles, the luminosity function, clustering properties of the sources. Analysis of their sample in comparison with LAEs at z∼ 5.7 indicates that the intergalactic medium (IGM) was not highly neutral at z ∼ 6.6 and the bulk of reionization of the universe occurred at z > 7. Stark et al. (2010) spectroscopically confirmed 199 Lyα galaxies from a sample of 627 continuum selected LBGs at 3 < z < 7 and found that the fraction of LBGs with Lyα emission increases with redshift and is inversely correlated with UV luminosity. The likely cause of this is a decrease in dust extinction with redshift, and also a lower HI covering fraction for sources with lower UV luminosity.
In this paper we study Lyα emission from sources at 4 < z < 6, detected in deep spectroscopic survey of the COSMOS field ). The selected sources consist of intermediate and narrow band LAEs at z ∼ 4.2 (IA624), z ∼ 4.8 (NB711) and z ∼ 5.7 (NB816), B J LBGs, g + LBGs, V J LBGs, r + LBGs, i + LBGs, and sources with photometric redshifts z > 4 . In §2, we present the data, and the method used for source selection. In §3, we present our analysis of the Lyα emission as it relates to both redshift and our source selection. In §4 we estimate the Lyα escape fraction and perform a speculative analysis based on our estimates. Our conclusions are presented in §5. We assume H o = 70 km s −1 at z > 4 as possible, for objects brighter than z + < 25 and more massive than 10 10.5 M ⊙ (Capak et al. in prep) . To achieve this goal, a set of continuum selected objects brighter than z + < 25 or IRAC [4.5µm]< 23.5 were selected to satisfy the above magnitude and mass limits respectively. From this flux limited sample B J , g + , V J , r + , i + , and z + LBGs were selected using known criteria (Ouchi et al. 2004 , Capak et al. 2004 , 2011b , Iwata et al. 2003 , and Hildebrandt et al. 2009 ). Objects with a probability greater than 50% of being at z > 4, based on the Ilbert et al. (2010) photo-z catalog, were also included if they met the flux limit. Finally, to avoid any biases against heavily dust obscured objects (e.g. Capak et al. 2008 Capak et al. , 2011a , sources meeting the LBG or photo-z criteria and also detected by Chandra, Spitzer MIPS (24µ), AzTEC (1.1mm), Mambo (1.24mm), BoloCam (1.1mm) or the VLA (20cm) were also included in the sample even if they were fainter than the flux limit.
In addition, Lyα emitters were selected using the IA624, NB711, and NB816 bands following previous studies (Scarlata et al. in prep, Shioya et al. 2009 , Murayama et al. 2007 , with the modification that a fixed color cut was used to the faintest magnitudes as done in Hu et al. (2010) instead of a noise adjusted cut. To the NB711 sources selected by the Shioya et al. (2009) criteria, sources were also added with 0.3 magnitude excess between the NB711 and the interpolated r + i + photometry, and also sources with a 0.3 magnitude excess between the NB711 and interpolated IA707 and IA738 magnitudes in order to add sources possibly having lower Lyα equivalent widths than the Shioya et al. (2009) selection criteria. To the NB816 sources selected by the Murayama et al. (2007) criteria, sources were also added with 0.3 magnitude excess between the NB816 and the interpolated i + z + photometry, and also sources with a 0.3 magnitude excess between the NB816 and interpolated IA707 and IA738 magnitudes in order to add sources possibly having lower Lyα equivalent widths than the Murayama et al. (2007) criteria.
For the entire sample of 644 high redshift candidates, 244 have 3σ detections of Lyα, with 86 having rest-frame Lyα equivalent widths (EW Lyα,0 ) > 25Å. The low number of i + LBG sources with Lyα is likely due to low number statistics and the limit of our survey ( z + < 25), which selects only the bright sources ( M U V < −22) at z ∼ 6 and the color selection criteria which selected mostly stars (98/114). We also find that 21/26 (9/26) of the IA624, 25/42 (9/42) of the NB711, and 60/73 (26/73) of the NB816 selected sources have 3σ detections of Lyα (EW Lyα,0 > 25Å).
Redshift, AGN, and Lyα Identification
Of the 644 high redshift candidates observed, 372 have high quality/reliable redshifts at z > 3.8. Each spectrum was examined by eye in IDL using SpecPro (Masters & Capak 2011) by at least two people, and often by three (RM, DM, & CP). Spectra with Lyα were easily identified by its asymmetric emission line shape (see figure 2). Spectra with only low S/N absorption features required several features before being confirmed. This included spectroscopic redshifts consistent with the photometric spectral energy distribution (SED), and agreement between independent estimates of the spectroscopic redshift.
The contamination of the high redshift sources by AGN is not well known. At the flux limits for the XMM survey of COSMOS (Cappelluti et al. 2009 ), we expect detections of only the high redshift sources with L X > 10 45 ergs/s. This is over three orders of magnitude higher than the standard AGN X-ray detection limit L X > 10 42 ergs/s. No sources are individually detected by XMM. One high redshift source (α = 150.35980 δ = 2.0737081) is detected in the X-ray by Chandra in the C-COSMOS survey (Elvis et al. 2009 ), though unlike the XMM survey of COSMOS the Chandra survey is not uniform over the entire field. Two of the LBG sources are point sources in ACS (α = 149.87082 δ = 1.8827920, and α = 150.13036 δ = 2.4660110 taken from Ikeda et al. 2011 ), but show no signs of AGN in their spectra, nor have x-ray detections.
Spectroscopic identification of AGN via NeVλ1238 emission or other broad emission lines ([CIV]λ1550 and CIIIλ1908) is largely dependent on their redshifts. CIIIλ1908 is redder than the wavelength cutoff for sources at z > 4.2, and [CIV]λ1550 for sources at z > 5.4. A total of 15/644 sources show possible signs of AGN in their spectra, with 6 of these also having Lyα detections. Including the Chandra detection, this gives a lower limit of 2.9% (7/244) for AGN contamination in our Lyα sample. AGN contamination in sources with Lyα emission have been reported at 43% at z ∼ 0.1 (Finkelstein et al. 2009 ), 3%−7% at z = 2.1 (Guaita et al. 2010) , 5%−13% at z ∼ 2.25 (Nilsson et al. 2009 ), 1%−10% at z ∼ 3.1 − 3.7 (Gronwall et al. 2007; Ouchi et al. 2008; Lehmer et al. 2009 ), < 3.2% (< 6.3%) for type-1 (type-2) AGN at z ∼ 4.5 (Zheng et al. 2010) , < 5% at z ∼ 4.5 (Malhotra et al. 2003; Wang et al. 2004) , and < 1% at z ∼ 5.7 (Ouchi et al. 2008 ).
Selection Bias
Selection bias for the sub-sample of high redshift spectroscopic sources with Lyα emission is expected to be low as the spectroscopic sample was selected to be complete at z > 4 for objects brighter than z + < 25 and more massive than 10 10.5 M ⊙ . Lyα emission is detected to a redshift dependent flux limit of ∼ 5e − 18 ergs/s/cm 2 . Figure 1 shows the redshift plotted versus the z + (AB) magnitude for all high redshift candidates with reliable spectroscopic redshift. Down to the limits of our survey ( z + < 25) there appears to be no bias between sources with Lyα detections and those without, for both LBG and intermediate/narrow band selected sources. For the high redshift candidates observed using other selection criteria, the number statistics are too low for a meaningful comparison.
The amount of overlap between the LBGs and the intermediate/narrow-band selected LAEs is not fully known. In principle we can check which (if any) of the intermediate/narrowband LAEs satisfy the color conditions used to select the LBGs. However, many of the intermediate/narrow-band LAEs are too faint and not detected in many of the various bands used to create the LBG source list. As figure 1 shows, most of the intermediate/narrow-band LAEs are fainter than the z + < 25 criteria used to create the LBG source list. Relaxing this criteria for the intermediate/narrow-band LAEs, we can check the LBG color criteria for the intermediate/narrow-band LAEs that have the appropriate detections in the broad band photometry. For the 21 IA624 Lyα sources, 11 would be considered either B J , V J , or g + LBGs, 2 do not match any of the LBG criteria, and 8 are not detected in the enough bands to say one way or the other. For the 25 NB711 Lyα sources, 17 would be considered either B J , V J , g + or r + LBGs, 2 do not match any of the LBG criteria, and 6 are not detected in a sufficient number of bands to say one way or the other. For the 60 NB816 Lyα sources, 9 would be considered either V J , or r + LBGs, 23 do not match any of the LBG criteria, and 28 are not detected in the enough bands to anything definite.
Fraction of LBGs with Lyα
The fraction of LBG sources with Lyα emission has recently become a potentially important ratio, as a decrease in this fraction at z > 6 may be indicative of an increase of the neutral fraction of gas in the intergalactic medium (Furlanetto, Zaldarriaga & Hernquist 2006 , Mesinger & Furlanetto 2008 , Dayal, Maselli & Ferrara 2011 . Currently, there has been some debate over whether such a trend has been detected. The luminosity functions of narrow-band LAEs studied by Kashikawa et al. (2006) and Ota et al. (2008) have shown a decline between z = 5.7 & z = 7.0 indicating that the IGM becomes increasingly neutral above z > 6, while those of Tilvi et al. (2010) and Krug et al. (2011) for narrow-band LAEs at z = 7.7 are consistent with no evolution.
Several authors (Curtis-Lake et al. 2011 , Stark et al. 2010 , Schenker et al. 2011 have measured the fraction of LBG selected sources with spectroscopically detected Lyα emission at z > 4. At z ∼ 7 Ono et al. (2011 ), Pentericci et al. (2011 and Schenker et al. (2011) all find that the fraction decreases from z ∼ 6 to z ∼ 7. Currently, there is a factor of 2 discrepancy between the fraction of luminous dropout sources with EW Lyα,0 > 25Å at z ∼ 6 (Curtis-Lake et al. , Stark et al. 2010 . Figure 3 shows the fraction of LBGs with EW Lyα,0 > 25Å and −20.25 < M U V < −21.75. A completeness correction was made by adding simulated EW= 25Å lines into the spectra (by RM), and having another author (SH) blindly search and measure the simulated lines. The mean completeness for the LBGs with EW Lyα,0 > 25Å and m continuum < 26 (AB) is 95%. In figure 3 , the B J and g + LBGs are plotted together as a lower limit, since the the color selection criteria can select sources with redshifts below the minimum redshift that Lyα can be measured for the spectroscopic setup used. For the B J and g + LBGs at <z>∼ 4.2, we calculate lower limit of 5%; for the V J LBGs at <z>∼ 4.6, we get a fraction of 18 ± 12%; and for the r + LBGs at <z>∼ 5, a fraction of 15 ± 16%. These values agree, within the errors, with the fraction of LBGs with Lyα reported by Stark et al. (2010 Stark et al. ( , 2011 and Schenker et al. (2011) . Our estimates are below those reported by Curtis-Lake et al. (2011) and Stark et al. (2010 Stark et al. ( , 2011 at z ∼ 6, and do not support evolution in the fraction of LBGs with Lyα over the redshift range 3.8 < z < 5.5.
Lyα Measurements
A detailed procedure is used to measure the flux, equivalent width (EW), peak wavelength and full width half maximum (FWHM) of the Lyα emission line in the spectra. Among the issues to overcome with the data concerning these measurements, is the faintness of the continuum, its low S/N 1, and the varying shape of the Lyα feature which does not neces-sarily ascribe to one consistent mathematical form from one source to the next. Variations in the continuum particularly effect the accuracy of our equivalent width measurements. In order to better elucidate our techniques, we first describe the particular method for ascertaining each measurement, and then describe the overall procedure. For several of the DEIMOS-COSMOS sources, the Lyα emission is double-peaked, with the wavelengths between the two peaks containing only detections of photons at the level of the continuum. These features are not [OII] as the long wavelength features shows a strong asymmetry, and the wavelength separation is always at least 5Å greater than would be expected if the features were [OII] doublets. For these cases the flux, equivalent width, peak wavelength, and FWHM are measured simultaneously for both peaks. Estimates of these quantities are made both from a skewed Gaussian fit to the data, and from numerical methods. A model for the skewed Gaussian is given in equation 1, with example spectra shown in figure 2. The fit returns values for the flux normalization (A), the first moment of a standard Gaussian (λ 0 = x + ωδ 2/π ), the second moment of a standard Gaussian (σ = ω 1 − 2δ 2 /π), the value of the skew (s), and the value of the continuum (c), where δ = s/ √ 1 + s 2 . In figure 2 , the skewed Gaussian fit to the Lyα line is shown in red, with the region used for numerical integration of the flux and equivalent width shown in blue. The flux, equivalent width, peak and fwhm of the Gaussian and their associated errors are derived by fitting equation 1 to the data.
To determine the peak wavelength of the Lyα emission, we first calculate the derivative of each spectrum numerically. The peak is then taken to be the wavelength of the emission feature where this derivative is zero. The flux is then measured by numerical integration of the data, using Simpson's rule, where the continuum of the Gaussian fit is subtracted from the spectrum. The wavelength bounds for the numerical integration are determined by first nearest neighbor smoothing the spectrum. The bounds used for the numerical integration are then the first pixels in the smoothed spectrum nearest to the peak that fall below the continuum of the Gaussian. The region used for numerical integration is illustrated in figure 2. Using these bounds, the unsmoothed spectrum minus the continuum is numerically integrated. In order to estimate the error, the numerical flux integration is repeated 500 times, each time the spectrum is varied randomly by the error of each pixel. The error of the numerically integrated flux is the standard deviation of 500 the iterations. Increasing the number of iterations was found to have a negligible effect on the determined errors of the flux, EW, and FWHM.
The EWs are numerically integrated via Simpson's rule with the same boundaries as the flux, and the same continuum value from the Gaussian fit. We impose the criteria that the continuum determined by the Gaussian be positive and only determine the EW for these cases. The spectra was used to determine the continuum instead of the broadband photometry in order to limit any biases that may be introduced due an assumption of the UV slope. The EW error is calculated in a similar fashion as the measurement of the flux errors. However, the distribution of the EWs tend to be skewed to lower values due to the faintness and low S/N detection of the continuum for most of the sources. Therefore, the standard deviation is a bad representation of the error. Instead, the 15.9% and 84.1% percentile values of the distributions are reported. The EWs are then converted to rest-frame EWs by dividing by (1+z). In figure 4 , we compare the EWs measured using the continuum from the spectra, versus EWs measured using continuum fluxes derived from the photometry. The continuum flux at 1215Åis derived from the photometry by quadratic interpolation of the photometry for each source from each band (listed in §2.1) with at least a 5σ detection. Only 104 sources have photometric detections to the red and blue (or at the wavelength) of the Lyα line to constrain the continuum flux at Lyα from the photometry. The EWs are consistent within the errors for 75% of the sources, and only 4% have greater than a 2σ deviation.
The FWHM is measured from the spectra by first fitting b-splines to the blue side of the peak pixel, and another to the red side of the peak pixel. Each spline is mirrored and the FWHM is then measured for each. The FWHM is taken as the average of the FWHM for two splines. This procedure is repeated 500 times varying the spectrum by its errors as in the other numerical calculations, and the error of the FWHM is taken to be the standard deviation of the 500 FWHM simulations.
The procedure we use to incorporate each of the measurements described above also takes into account how the wavelength boundaries used for the Gaussian fit affects our measurements and errors. First, for each Lyα emission feature, the spectrum is smoothed with 3-pixel boxcar and fitted with the skewed Gaussian in equation 1, using MPFIT (Markwardt 2008) in IDL, without specifying the wavelength range around the emission line. This fit is used to make an initial estimate of the continuum, the centroid and width of the emission feature. (NOTE: For the sources with two peaks, both features are fitted simultaneously). The wavelength boundaries for the numerical integration are estimated, and the skewed Gaussian is again fit to the data but only to the continuum on the red-side of the emission peak. Next, an iterative procedure is applied to compensate for any systematics that are introduced from the choice of the continuum region that is used in the fit. The skewed Gaussian is fit to the data covering a wavelength range from the short wavelength boundary used for numerical integration out to λ 0 + 4 * σ. The coefficients and errors on the coefficients for the skewed Gaussian fit are used to calculate the flux, EW, peak and FWHM of the skewed Gaussian. As detailed above, the wavelength boundaries for the numerical integration are determined and the flux, EW, peak, and FWHM and corresponding errors are calculated. The wavelength range is increased on the long wavelength side of the centroid by λ 0 + 4 * σ + 1pixel, and a new skewed Gaussian is fitted to the data and the measurements are calculated again. This is iteratively done until the boundaries for the Gaussian fit are equal to λ 0 + 10σ. This usually needs ∼ 30 iterations for each Lyα feature. The median of the flux, EW, and FWHM, is taken as our best estimate, and except for the EWs, the standard deviation for each is added in quadrature to the error estimates from the individual iterations to obtain our final error estimates. For the EW errors, every equivalent width calculation made for every iteration is placed into a single distribution and the 15.9% and 84.1% percentile values are taken as the error on the numerically integrated equivalent widths. Table 2 shows the numerically estimated values for sources with a single Lyα peak and Table 3 shows the values for the sources with both a blue and redshifted Lyα peak.
Equivalent Width and Redshift Distribution
The redshift distribution of the Lyα sources is shown in figure 5 and the distribution of EW Lyα,0 is plotted in figure 6 . These are divided into three categories: the total sample, the intermediate/narrow band LAEs, and the LBGs. The mean (median) EW Lyα,0 stay roughly constant with redshift but have a larger sample variance with increasing redshift for LBGs from 21.9(19.6) ± 9.0Å for B J LBGs, 19.5(20.8 (21) and the number of sources in the NB711 sample (24) is roughly 3/5 the number V J -dropouts (39). The IA624 LAEs have a slightly higher mean and a larger distribution of EW Lyα,0 than the g + LBGs, while the V J LBG sample has a larger mean EW Lyα,0 and a larger variance than the NB711 sources. Comparing EW Lyα,0 for only the V J -dropouts with NB711 LAEs with similar magnitudes (z + < 25) though brings their median values into agreement at 21.2Å and 21.0Å respectively. None of the IA624 LAEs are brighter than z + < 25 to compare with the g + LBGs, but it is likely that the differences between the Lyα distributions for the LBGs and LAEs at a given redshift is due to the narrow band sample being fainter than the LBG sample.
The EW Lyα,0 for our entire sample are plotted versus redshift in figure 7. We find that the median EW Lyα,0 for the LBG and LAE sub-samples stay roughly constant with redshift. At z < 3, an increase in the distribution of EW Lyα,0 with redshift has also been reported by Nilsson et al. (2009) . They found that the distribution of EWs for z ∼ 3 LAEs studied by Gronwall et al. (2007) was higher than the distribution of EWs for their sample of LAEs at z ∼ 2.25. They speculated that the change in EW distributions with redshift is the result of increased dust content in LAEs at lower redshifts. An increase in Lyα EWs with redshift has also been discovered in LBGs. Stark et al. (2010) found in their sample of ∼ 199 LBGs with detected Lyα emission at z = 3 − 6, that the prevalence of large EWs increases moderately with redshift.
Several authors (Shapley et al. 2003; Stark et al. 2010 ) have noted an anti-correlation between UV luminosity and EW. This has been refuted by Nilsson et al. (2009) who argued that the lack of luminous sources with high EWs may be due to the fact that luminous sources and sources with high EWs are both rare, and that this parameter space has been poorly represented in current flux limited surveys. Kornei et al. (2010) found only a marginal correlation between the EWs and UV luminosities for a large sample of LBGs at z ∼ 3, with M U V < −20. In the sample of LBGs studied in Stark et al. (2010) , which detects sources to M U V = −18, the authors found low-luminosity LBGs (M U V = −19) to show strong Lyα emission much more frequently than luminous systems (M U V = −21). For our sample, no correlation is found between the EWs and UV luminosities, neither for the full sample nor for the LBG selected sources. This is likely to be a selection effect as our LBG selected sources are mostly bright, with M U V < −20.
Estimating the Escape Fraction
The simplest method to estimate the escape fraction is to measure the flux of both Lyα and extinction corrected Hα, assume a recombination regime (usually CASE B recombination, Osterbrock 1989) , and compute the number of detected Lyα photons divided by the number of expected Lyα photons estimated from the Hα flux. For the redshifts of our sources, Hα is redshifted to the near-infrared and is currently unaccesible. We can however make a crude estimate of the escape fraction by noting that both the Lyα and Hα fluxes are related to the star formation rate of the galaxy. By comparing the Lyα SFR versus an independently measured SFR, we can calculate a crude estimate of the Lyα escape fraction (f esc ). f esc = SFR Lyα /SFR BC03 , where SFR BC03 is the SFR predicted from Bruzual & Charlot (2003) models. A similar technique was used in to measure the escape fractions of narrow-band LAEs at z = 3 − 4.
Using the spectroscopic Lyα redshifts, the Le Phare 2 SED fitting code was used to generate estimates of SFR, E(B-V) and stellar mass for the sources. The SED fitting was performed following Ilbert et al. (2010) , with the redshifts of the model SEDs fixed to the spectroscopic redshifts of our sources. Briefly, a set of galaxy templates were generated using Bruzual & Charlot (2003) with exponentially declining SFRs, two metallicities, Calzetti et al. (2000) extinction, and including emission features (Lyα, [OII] , [OIII] , Hβ and Hα). See Table 1 from Ilbert et al. (2010) for a list of the parameter values used. Using a χ 2 procedure,the templates were fit to the multi-band optical/near-infrared photometry taken from 6 broad bands from the SuprimeCam/Subaru camera (B J , V J , g + , r + , i + , z + ), 1 broad band from MEGACAM at CFHT (u ′ ), 14 medium and narrow bands from SuprimeCam/Subaru (IA427, IA464, IA484, IA505, IA527, IA574, IA624, IA679, IA709, IA738, IA767, IA827, NB711, NB816), the Y ,J,H, and K s broad bands from the Ultra-Vista survey of COSMOS (McCracken et al. 2012) 3 (in the region outside the survey coverage of the Ultra-Vista data the J-band from the WFCAM/UKIRT camera, H-and K-band from the WIRCAM/CFHT camera are used), and the 4 IRAC/Spitzer channels. From the fits, the median SFRs, and stellar masses are used along with the 16 and 84 percentile values are taken as the errors on for the SFR and stellar mass estimates. The errors on the SFRs and stellar masses are typically large (about an order of magnitude). The large uncertainties are due mostly to the faintness of the sources, since they are mostly detected at the 3-7σ level in the photometry. The E(B-V) value used is from best fit SED. The results of the SED fitting are listed in table 4.
For 153 of the 244 sources with 3σ Lyα, the SED fitting produced a best fit SED with χ 2 < 50 (4 B J LBGs, 16 g + LBGs, 20 V J LBGs, 16 r + LBGs, 2 i + LBG, 16 IA624, 19 NB711, 33 NB816 sources, and 27 from the various other selection methods), and the following analysis is restricted to these. The χ 2 < 50 criteria was chosen after inspection of the best fit SED and photometric data points of each source. For sources with χ 2 > 50, the best fit SED was a bad match for 3 or more of the rest-frame UV and optical data points. These sources may have properties outside of the parameter space covered by the galaxy models and hence the SED fitting may produce unreliable estimates, and so these sources were excluded from the subsequent analysis. For sources with 10 < χ 2 < 50, these were 2 http : //www.oamp.f r/people/arnouts/LE P HARE.html 3 The Ultra-Vista data cover the central 1x1.5 degree area of the COSMOS survey in Y ,J,H, and K s bands with an exposure time of 11.8, 13.8, 11.8, and 10.9h respectively. The estimated 5σ depths are Y = 24.6, J = 24.7, H = 23.9, K s = 23.7 AB. Deeper IRAC data from several small programs targeting our spectroscopic area and the SEDS survey have also been included in the photometry, significantly improving the mass estimates for fainter targets. These data reach an exposure time of 2-12h per pixel in the 3.6µm and 4.5µm bands.
the result of 1 to 2 discrepant photometric data points where the best fit SED matched the other data points within the errors. We use the SFR values to estimate our escape fractions. To convert our Lyα fluxes into SFRs, we first assume CASE-B recombination and convert the measured Lyα luminosities into expected Hα luminosities (L Hα = L Lyα /8.7) and then to SFRs using equation 2 in Kennicutt (1998) . We plot the Lyα luminosity versus stellar mass and SFR in figures 8 and 9 respectively. No trend between the Lyα luminosity and either mass or SFR is observed. The LAEs tend to have higher Lyα luminosities than the LBGs, but he LBGs, NB711 and NB816 LAEs have similar stellar mass (∼ 10 10 M ⊙ ), and SFRs (∼ 50 M ⊙ /yr). The IA624 LAEs on average have slightly lower stellar masses (∼ 5×10 9 M ⊙ ) and SFRs ∼ 15 M ⊙ /yr) as these sources are on average 1 magnitude fainter in the rest-frame UV/optical. Previously Yuma et al. (2010) compared the properties of 3 LAEs and 88 LBGs at z ∼ 5 and found that the physical properties of LAEs and LBGs occupy similar parameter spaces. At the same rest-frame UV or optical luminosity, they found no difference in stellar properties (stellar mass, SFR, dust extinction) between their LAEs and LBGs at z ∼ 5.
In figure 10 we show f esc versus redshift. A definite difference is seen between the escape fractions of narrow-band LAEs and the LBGs at fixed redshift, as the intermediate/narrow band sources have higher mean f esc and larger range of f esc . Yet there is essentially no change in the escape fraction for the LBG sources with redshift, nor is there a noticeable difference between the escape fractions of the NB711 and NB816 selected LAEs. The mean, median and range of f esc for each of the sub-samples is listed in table 5. Our measured escape fractions for the NB816 sources in COSMOS have the same range of escape fractions as the NB816 selected sources studied by in the Subaru/XMM-Newton Deep Survey field. Our mean escape fraction of 0.37 agrees with their value of 0.36. Our mean and median values are also in agreement with the escape fraction of z 2.2 LAEs studied by Hayes et al. (2010) , who found median escape fraction to be higher than 0.32.
In figure 11 we show changes in f esc with the stellar mass and E(B-V). There is a slight trend with decreasing escape fraction and increasing stellar mass. This is likely due to the trend for more massive and luminous galaxies at higher redshifts to have higher dust extinctions (Bouwens et al. 2009 ). Plotted versus E(B-V), we see an interesting trend where the sources with the highest extinctions have low escape fractions (f esc ∼ 0.1), but sources with low extinctions have a range of escape fractions. As extinction increases the range of the escape fraction decreases. This is similar to the trend seen for Lyα sources at z ∼ 0.1 (Scarlata et al. (2009) , Atek et al. (2009) ) and z ∼ 3 (Blanc et al. 2011 ). This may indicate that the same physical conditions/processes (such as gas kinematics, HI covering fraction, and/or galaxy morphology) that inhibit and allow for the escape of Lyα photons at low redshift are similarly occurring in high redshift galaxies too.
In order for this explanation to hold, sources lacking Lyα should be on average more dusty than sources without. For 15 spectroscopic sources with redshifts measured from absorption features, the Lyα 1σ flux upper limits were calculated (see Table 6 ). Using these upper limits and the SED SFRs for these sources, the upper limits for the escape fraction for these sources was also determined. The combined escape fraction upper limit for these sources is 0.8%. As expected these sources are offset from the Lyα sample with significantly higher <E(B-V)>= 0.19 than the mean for sources with Lyα detections. Interestingly these sources have a slightly higher mean stellar mass <M * >= 2 × 10 10 M ⊙ and have <SFR>= 169M ⊙ /yr similar to the V J LBGs.
Conclusion
In this paper we present an analysis of a spectroscopic sample of 244 LBGs and LAEs at 4 < z < 6 in COSMOS with clear Lyα detections. We have attempted to determine variations in the Lyα properties for these sources and their evolution with redshift. The sources were targeted for spectroscopy using a range of high redshift selection techniques, including LBG, intermediate/narrow-band, photo-z, and IRAC CH2 detections. The goal of the spectroscopic program was to select as complete a sample at z > 4 as possible, for objects brighter than z + < 25 and more massive than 10 10.5 M ⊙ (Capak et al. in prep) . We measured EW Lyα,0 and escape fractions for B J ,g + ,V J ,r + ,i + LBGs, one intermediate-band and two narrow-band selected samples of LAEs at z ∼ 4.2, z ∼ 4.8, and z ∼ 5.6. A sub-sample of 153 sources have estimates of E(B-V), SFR and M ⊙ from SED modeling. We analyze the variations of the Lyα properties for this subset with respect to these parameterizations of the host galaxies. The results are summarized below. 1) We find that the Lyα EWs remain roughly constant with redshift for both the LBG and intermediate/narrow-band LAEs. While low EW Lyα,0 are detected for sources at all redshifts, increasingly larger EW Lyα,0 are measured for sources from samples at higher redshifts. These results are in accordance with the results of Stark et al. 2010 who found a similar trend for LBGs with Lyα at z = 3 − 6, and with the similar findings of Nilsson et al. (2009) studying LAEs at lower redshifts (z=2−3). The speculation is that the change in EW distributions with redshift is the result of increased dust content in LAEs at lower redshifts, but this is yet to be confirmed.
2) No trends were found between Lyα luminosity and stellar mass or SFR. Except for the IA624 LAEs, which on average have lower UV luminosities, the sources tend to have similar stellar masses and SFRs. The mean Lyα luminosities are slightly higher for the LAEs than the LBGs.
3) We find that the Lyα escape fraction of narrow-band LAEs is, on average, higher and has a larger variation than LBG selected sources. The escape fraction does not show a dependence on redshift. Our escape fraction for NB816 LAEs, 0.48, agrees within the errors to escape fraction of NB816 selected sources measured by in the Subaru/XMM-Newton Deep Survey field (0.36), and the mean escape fraction of Lyα sources (0.32) at z = 2.2 studied by Hayes et al. (2010) . 4) Similar to what has been found for sources with Lyα emission at low redshifts, the sources with the highest extinctions show the lowest escape fractions. The range of escape fractions increases with decreasing extinction. This is evidence that the dust extinction is the most important factor affecting the escape of Lyα photons, but at low extinctions other factors such as HI covering fraction and gas kinematics can be just as effective at inhibiting the escape of Lyα photons. This preprint was prepared with the AAS L A T E X macros v5.2. The m z -redshift distribution for narrow-band selected sources with (without) Lyα detections. Blue squares represent the IA624 sources, the yellow squares (crosses) the NB711 sources, and the red squares (crosses) the NB816 sources. The four low-z NB816 outliers are from the relaxed color-cut criteria used to select the LAEs at z ∼ 5.6, and would not have made the more stringent cut from Murayama et al. (2007) . For both the LBG and intermediate/narrow band selected sources, Lyα detection shows no bias by either redshift, or magnitude, and hence luminosity, with regards to Lyα detection down to the detection limits of the spectroscopy. However, the narrow-band sources with Lyα are on average 0.8 magnitudes fainter than the LBG sources with Lyα The blue line highlights the region of each spectrum used for the numerical integration. The red line shows the best skewed Gaussian fit to the data. The 1D and 2D spectra will be shown in the data paper (Capak et al. in prep) . Stark et al. (2010 Stark et al. ( , 2011 . Our measured fractions do not point to an evolution of the Lyα fraction of luminous LBGs over the redshift range 3.8 < z < 5.5 but are consistent with the fractions reported in Stark et al. (2010 Stark et al. ( , 2011 . To make the points more visible a random scatter of 0.02 has been added to their values. This shows that while extinction inhibits the escape of Lyα photons, there are other factors that govern Lyα escape such as HI covering fraction, and gas kinematics, that can inhibit its escape even when there is little dust. Right: The Lyα escape fraction is plotted versus stellar mass estimated from BC03 models. There is a slight trend between stellar mass and escape fraction, with higher stellar mass sources having lower escape fractions. The black arrows represent the combined upper limit on the escape fraction for 15 spectroscopic sources with only 1σ Lyα flux upper limits. The E(B-V) and M * values plotted are the mean values for these sources. The other symbols are the same as in figure 7 . The panels on the lower left and right show the mean values for each of the source types. The error bars on the mean E(B-V) values represents the sample variance, while the mean f esc and M * error bars are the errors on the means. 
